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AMSD Modeling and Analysis

Overview by Ramona Cummings (NASA MSFC)

MSFC Team:
Martin Smithers, Dave Zissa, Larry Craig, Tim Page, Joan Presson,
Mike Stallcup, Ed Ricks, and Lisa Roth (NASA MSFC)
James Hadaway and Max Nein (UAH)
Jim Moore, Ed Troy, and Brian Patrick (SRS)
Steve Sutherlin (Raytheon), Todd Cline (SvT), Bruce Peters (Schafer)

Consultant: Lester Cohen (SAO)
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Concept 2 (AC U 2C 19)
ULE Mirror;

2rd Composite Concept (M55J/954-3);

16 soft force actuators, 3 bi-pods for displacement

Concept 1
Beryllium Mirror;

1st Composite Concept(M55J/954-3)
7 actuators (3 tip/tilt/piston actuators
+3 simulators on arms, 1 ROC actuator at center)

Concept1R _
Beryllium Mirror;
_ ; Concept 3
1st Composite Concept(M55J/954-3) Glass (Fused Silica) Mirror:
3 bipod actuators (tip/tilt/piston) on strongback, 3 Composite Concept (M55J/954-6);
1 ROC actuator at center tied to bi-pods not RS 37 actuators (31 axial force and

+ Concept 1 R alternatives 6 bi-pod displacements)
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AMSD Modeling and Analysis

NGST
Concept Simulated ems
Minor Reaction | Strong Back |  Actuators | Hexures | Vendor Test Material
Structure Fixture | Properties at35 K
IR Per Design Dwgs n/a Preliminary, | Per B/L Design Extrapolated
(Ball (before acid etch sketch info [Dwgs so needs properties
Redesign) decision) only insert changes
2 Per Design Dwgs Per Design n/a Some
(Kodak) Dwgs extrapolated
properties; rest
mis s ing
3 n/a Preliminary Extrapolated
(Goodrich) Version properties
(Feb 02)

- No suitable information has been received from vendor
Only preliminary information has been received from vendor; If design drawings, as-built/as-finished data not yet released from vendor
All known as-built and as-finished data received from vendor



AMSD Modeling and Analysis

e—————
o
[
e
T
I
-
i

' NGST
FEM geometry,
deflections,
T o .| Structural Analyses | displacements, Optical
CAD Files, Drawings, ” Larry Craig _r‘h_a_téfi_a_l__}f)"e_r{i_e_s Integration Analyses
Property Data :r""": Bruce Peters prop Application Martin
From AMSD Vendors i Todd Cline Mapping of Reduce;d (I0DA) SnZ)'g\)/er’
i Reduced Models Models (via Patran) ™ A A Zissa,
i *| Thermal Analyses Brla_n
Lol Tim Page Patrick
i Steve Sutherlin A
Material Testing N ’: v
CTE, k, cp, Tensile i Structural Dynamics ,
Strength, Dynamic i Ed Ricks Optical
Dampening, Stiffness, ! Testing
Creep, Strain i
i L . Control Dynamics James
(other connections not i TBR ° Hadaway,
shown for clarity) > Ron Eng,
Patrick
Reardon,
Joe Geary,

others
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« MSFC, Vendor, and Consultant Teams use a
variety of analyzers on AMSD, including

— Optical Modeling

« CodeV, ZeMax, IDL
— Structural Modeling

* Nastran, Algor, Ansys, Patran
— Thermal Modeling

« SINDA, TRASys, Thermal Desktop, TSS, TAK, NEVADA,
Nastran

— Dynamics Modeling
 Patran
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* With the variety of tools used, results rather than
models must be compared

* Therefore, specific model verifications and
validations with test correlations are required

— These are as proposed in AMSD Modeling Comparison Plan
« draft of May 3, 2002 in review with SAO/Lester Cohen
* final due June 7, 2002
— Three reviews (schedule TBR) to present and evaluate
analytical predictions
« Late June on all entity and assembly Verifications
« Late July or early August on all currently identified Validations

« Late August or Mid-September for added Validations and
additional test correlations
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Model Verifications include
Conservation of Mass throughout Analyses
Structural Analyses

Rigid Body Error Check
Free Body Error Check
Uniform Thermal Soak with Same CTE

Thermal Analyses

Energy Balance, Temperature Convergence, Unity Form Factor
Sums

Simple Gradient
Uniform Flux

Optical

RMS, PV, and PSF verifications of idealized model

Optical Checkout of idealized model with well defined
aberrations

Dynamics

Modal run for first five out of plane displacements, mirror
unconstrained

ul
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AMSD Modeling and Analysis

Ball AMSD Mirror Model
Fixed Displacement

SEE DETAIL  CELL WIEW

8
von Mises

49, 4%

‘ coccoooco

X Fixed Displacement 30mm No Stress Evident

+ Comparable results for XY, and Z
CELL VIEW

I.go0 * No aans or irreaular connections

MEMSTQNS TN MILIMETERS Ball AMSD Mirror Model
Uniform Thermal Soak

Iu

oo

.

Temperature Lowered From No Stress Evident
273K (20°C) to 100 K

» Confirmed uniform mirror material properties
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MSC Patran 2000 12 06-May-02 09:07:25 100000 MSC Peiran 2000 12 08-Mey 02 11:22:16 589005
Fringe: Zrigid_hody_check, Static Subcase: ants, Translational-HON-LAYERED) (MAG) 1.00+000 Fringe: 30K_thermal_soak, Static Subcase: Displacements, Translational-(NON-LAYERED] (MAG) 8.30-005)
Deform: Zrigid_body_check, Static Subcas glafional 1.00+000] Deform: 30K _thermal_soak, Stafic Subcase: Dighfdicéthents, Translational 7.71-005

1.00+000; 7.12-005
1.00+000 6.52-005
1.00+000 5.93-005
5.34-005
1.00+000;
4.74-005
1.00+000;
4.15-005
1.00+000]
3 56-005
1.00+000 s
1.00+000] 237005
1.00+000 1.78-005]
1.00+000j 1.19-005
1.00+000| + .93-005
6.37-012
v
JLOr=00n default_Fringe :
18 1.00+000 z hax: B.83-005 @Nd 22122
i | RPN, S Min 0. @Nd 11617
% default_Deformation :
MSC Patran 2000 12 06-May-02 09:1 1.50+002] hax 8.89-005 (@M 22122
Fringe: Zrigid_body_check, Sta 1.40+002]
1.30+002 MSC.Patran 2000 12 16-May-02 1 2444003
1 20+002 Fringe: 30K_thermal_soak, Sta 2 26+003
212+003
1.10+002]
1.95+003
9.97+001 1 794003
8.97+001 1.63+003
7.38+001 & 1474003
B.98+001 1.30+003)
1.14+003
B.96+001
9.81+002
4.96+001
5.19+002
3.99+001 £57+002
2.99+001 4.95+007
1.99+001 3.33+002
v 9.97+000 7 1.71+002
QZ 8.47+000
z 1.92-003

default_Fringe
default_Fringe : hax 2.44+003 @Ml 47634
hax 1.50+002 @Nd 11817 Min i 47 +NMN (Ehiet 449
hdin 1 94-NN3 (MM P3NRR



MEC Patran 2000 r2 14-ey-02 10:59:29 1.0000+000)

8.75-006]
Fringe: Xrigid_body. Static Subc ents, Translationa-(NON-LAYERED]) (MAG) 1.0000+000 WMSC.Patran 2000 r2 14-May-02 14:56:50
Deform: Xrigic_bochy, Static Subg 1 0000+00n Fringe: 30K_thermal_soak, Static Subcase: Displacements, Translational-{NOMN-LAYERED) (MAG) 8.18-006]
Defarrm: 30K_thermal_soak, Static Subcase: D ernents, Translational 7 61-008)
1.0000+000) ;
7.03-008]
1.0000+000)
B.46-008]
1.0000+000)
5.65-008]
1.0000+000)
5.31-008]
1.0000+000)
4.74-006)
1.0000+000)
4.17-008)
1.0000+000) S
1.0000+000) s
1.0000+000) 2 45006
1.0000+000) 1 §7-008
1.0000+000) 1.30-008]
1.0000+000) 7.27-007)
¥ 1.0000+000) 1.54-007)
. he
default_Ftinge detault_Fringe
z hdax 1.0000+000 @Md 1 e 6.75-006 @Md 1372
bdin 1.0000+000 @Nd 7444 Miri 1.54-007 @Ml 40135
default_Deformation : detault_Deformation :
bdax 1.00000+000 @Nd 1 Max 8.75-006 @MNd 1372
MSC. Patran 2000 12 13-May-02 11:26:21 3.64+001
MSEC Patran 2000 12 14-May-02 11:03:01 4.6917+002] : i
Fringe: 30K _themmal_soak, Static Subcase, Tensar, -4t 21 (YONM) 3.40+001
Fringe: Xrigid_body, Static Subcase_2: Stre nsor, -At 21 (W) 4.3789+00Z
3.16+001
4.0662+002]
2.91+001
3.7534+002
344064002 25700
31278+002 243001
2 81504002 2.16+00
1.94+001
Q#::‘E: 2.5023+00Z #:‘:
XY
2 210954002 1704001
1.8767+002 1.46+001
1.5639+002 1.27+001
1.2511+002) 4.71+000
9.3835+001 7.26+000)
5.2557+001 4.86+000
i 31279+001 i 2.43+000
2 1.1101-003] : 6.15-004
default_Fringe default_Fringe
Max 4.6917+002 @Nd 27041 btz 3.64+007 @MNd 11698

Min 1.1625-003 (@MNd 27461 Min B.22-004 @Nd 325 10
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-Kodak Model Thermal Verifications
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320
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ez0
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1e0

<160
>281. 3
281 3
281 1
280, 9
230, 7
280, 6§
2490, 4
280, 2
2380
279 8
279, 6
279, 4
<279. 4

- uses WADD data 60-56

—-Ball Model Thermal Verifications
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AMSD Modeling and Analysis

Validation Use of Models include:

« Static 1g Load on Mirror aligned to Optical Axis
— Run on the AMSD mirror only, by simply supported edge and by three point
support
Determine deflection results caused by the self-weight gravity induced sag
Should yield symmetrical results for any AMSD mirror

— Compare FE results to contractor interferograms

« Static 1g Load on Mirror normal to Optical Axis

— Run analysis of the AMSD mirror only, support by three point mount

Look at reasonableness of deflection results caused by the self-weight gravity
induced sag

Astigmatism and considerable deformation at the mounting points is expected
Symmetry of the mirror should preclude need to rotate mirror

— Compare data collected during mirror fab and polishing to FE results
— Compare FE results to data collected in the XRCF ambient tests

12
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(Validation Use of Models, continued)

« Static 1g Load on Mirror Assembly mounted normal to Optical Axis

— Run analysis of the AMSD mirror assembly (reaction structure, actuators) in the
designed support fixture
+ Determine deflection results caused by the self-weight gravity induced sag
+ Some astigmatism and deformation at the mounting points is expected
*  Symmetry of the mirror should preclude need to rotate mirror

— Compare FE results to data collected in the XRCF ambient tests and to required
contractor FE results

- Backed out static gravity sag on Mirror Assembly mounted normal to OA

— Run analysis of the AMSD mirror assembly in the designed support fixture with
actuator reactions fully backing out effects of gravity on the mirror

+ Compare FE results to test data collected at the XRCF when the actuators are activated
for mirror figure correction

* FE models should yield a residual RMS surface error comparable to the measured
residual surface RMS error

13
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(Validation Use of Models, continued)

e Actuator Influence Functions
— Run analysis on the displacement of each actuator attachment point
— Determine set of actuator influence functions

Mirror Light-weighting effect on surface figure map, Strehl Ratio, and EE

Line of Sight Stability at 80 K, 55 K, and 35 K

— Run analysis of AMSD mirror assembly in the designed support fixture before
and after actuator correction for listed stabilized temperatures
« Compare FE results to test data collected at the XRCF
Line of Sight Stability at induced thermal gradients

— Run analysis of AMSD mirror assembly in the designed support fixture before
and after actuator correction at TBR induced thermal gradients

« Compare FE results to test data collected at the XRCF
Dynamic Analysis of disturbances on AMSD mirror assembly

— Modal runs for assembly at XRCF ambient then cryo test with chamber and table
forcing functions

14
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AMSD Modeling and Analysis

Goodrich Axial Actuators

Total of 10 Axial Actuators
Epoxy Joints
(yellow)

Fused Silica

Titanium - (0.635mm and
2mm diameter)

M55]J composite tube

Titanium - 0.25mm thick bonded
to face sheet (Epoxy not modeled)

15
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Goodrich Axial Actuators

T1 - 0.25mm thick bonded
to face sheet (Epoxy not modeled)

T1 disk 2.5mm thick
with zero density (So Actuator
CG will not be affected)

Bar element with 70001bf/in stiffness
(Temperature gradient applied
will simulate actuator motion)

T1 Actuator Spacers

Point Element at Actuator
CG (157grams)  »

16
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Pathfinder Bipod Actuators

i

NGST
= NGST
3 Bipod Actuators
Epoxy Joints
(yellow)

Fused Silica

Titanium - (0.634mm
diameter)

M55] composite tube

Titanium - 0.25mm thick
bonded to face sheet
(Epoxy not modeled)

17



=— Pathfinder Bipod Actuators

T1 - 0.25mm thick bonded
to face sheet (Epoxy not modeled)

T1 disk 2.5mm thick
with zero density (So Actuator
CG will not be affected)

Bar element with 70001b{/in stiffness
(Temperature gradient applied
will simulate actuator motion)

T1 Actuator Spacers

Point Element at Actuator »

CG (157grams)
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Goodrich Bi-Pod Actuators

MEC. Patran 2001 r2a 22— Apr-02 13:01:07
Fringe: Bipod_Actuator_7_study, Static Subcase_4, Displacements, Translatonal - £ Component, (NON-LAYERED)
Deform: Bipod_Actuator 7_study, Static Subcase_4, Displacements, Transladonal, (NON-LAYERED)

default_Fringe :
Max 1.01- 04 @Nd 315330
Min -1.87-07 (@Nd 31320
default Deformation :

l
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* Integration tool in use by the MSFC Team is IODA
(Integrated Optical Design and Analysis)

Translations
ANSYS to Nastran
Algor to Nastran
ZeMax to CodeV
Others

Transfer of geometry, displacement, and deformation
information to CodeV

Accommodates high fidelity Structural Model (100,000’s of elements)
to same or reduced size Optical Model

Macro calls to CodeV
Graphical display of predicted and measured results

22
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MSFC Integration of AMSD
Models, Analyses, and Test Data

Govt Thermal
Models (.drw)

.dat

Govt Dynamic
Models (.db, bdf,
.f06)

bdf

Govt Controls
Models, TBR (.m)

.dat

Govt Structural
Models

(.bdf, .f06, .db,
.mod)

bdf
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Vendor Integrated
Structural Models
(.bdf, .f06) **

bdf

bdf

Comparg¢ Predicts,
Assess ﬁifferences

Phase Cam / Intelliwave Data (.esd, .INT)

—

XRCF IP1 / OptiCode Output data (.map, .txt)

Measured

Temperature, Strain, Pressure data (.xls, .csv)

Data

Position, TBR Shutter data (log books)
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Vendor Optical
Models (.SEQ)

NGST
! SEQ
IODA
 Optical Surface * Optical Metrics
bdf Deformations — Encircled Energy
' : — PSF
« Zernike
n Decomposition = e
: : : Internal — Strehl plt,
* Optical Simulation, [ , _ Wavefront Error Test
Code V results links | «Predicted ‘ras, |
* Limited data Performance versus | j. Report
storage Measured
— Model to Model
— Model to Measured
— Load Case to Load
I Int Case
* Graphical Display of Configuration
Code V Optical Metrics Summary,
— Encircled Energy * Feedback for Test Timeline,
— PSF Parameters Assessments,
— PSD Other
— Strehl
— Wavefront Error

24
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NASTRAN generated Surface Deflections extracted and generated in IODA

ul

NGST
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Code V generated Surface Metrics, extracted and displayed in [IODA (PV and RMS)

ul

NGST
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Code V generated Strehl Ratio, extracted and plotted using IODA macros (mimics Code V plot format)

AMSD Modeling and Analysis
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002621 mm

POSITION 1

AMED Mirror

4-Tlar-02

DIFFELCTION INTEHIITY
SPEEAD FUNCTION

FLD( 0.00, 0.00MAX Y 0.0, 0.00DEG
DEFOCUSING: 0.000000 Bk

WAVELENGTH WEIGHT

2000.0 MM

1

27
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Code V generated Encircled Energy, extracted and plotted using IODA macros (mimics Code V plot format)

ANARD MAirror

(0.000,0.000) DEGREES

ADANA T TIONE

oa —

oz =

aF =

05 =

o5 =

o4 =

03 =

oo

DEFOCTTISING 0.00000

T T
Lepaluieialn) 0oo7es no15sG

T T T T T T T 1
0oazTe noz17a N0z965 004758 onsssl 006344 oO71sT 0o7asn

DIANETER OF CIECLE (IvIIv)
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Next speaker:

Larry Craig
SBMD Cryo Quilting
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